This paper describes the responses of two genotypes of male broilers to constant 8-and 16-h photoperiods, and to an abrupt transfer from 8 to 16 h at 10, 15 or 20 d. Body weight, feed intake, and feed conversion efficiency were not significantly different at any stage during the 35 d study. Mortality and the incidence of Sudden Death Syndrome were similar for all lighting groups at 35 d. When these data were pooled with previously reported data for female broilers, growth and feed conversion efficiency post 21 d and through to depletion for constant 8-h and birds transferred from 8 to 16 h at 20 d were significantly superior to constant 16-h birds. Constant 8-h birds ate about half their feed during the dark period, whilst 16-h birds consumed no more than 10%. Birds which had been started on 8 h and transferred to 16 h at 10, 15 or 20 d reduced their rate of nocturnal feeding when changed to the longer photoperiod, however, they still consumed more feed in the 8-h dark period than birds that had always been given 16 h illumination. Cobb and Ross genotypes responded similarly to all lighting treatments. ________________________________________________________________________________
Introduction
Photoperiodic responses and the influence of increasing lighting regimens were reviewed in an earlier paper that reported the responses of female broilers to a constant 8-or 16-h photoperiod or to an increase from 8 to 16 h at 21 d of age (Lewis & Gous, 2007) . Increasing lighting programmes were developed to improve liveability in broiler flocks, in particular, through a reduction in the incidences of Sudden Death Syndrome and leg abnormalities (e.g., Classen & Riddell, 1989) . In the original experiments, broilers were started on 6-h photoperiods and transferred to 23 h at 21 d, however, such lighting regimens do not comply with current animal welfare codes in many countries because the initial photoperiod is shorter than 8 h. It is likely that welfare codes for broiler production will be made even more stringent in the future, especially in Europe, with the stipulation of a minimum period of darkness. Codes for growing turkeys already require at least 4 h, but ideally 8 h, of uninterrupted darkness. It was considered prudent therefore to study responses to an increasing lighting schedule that would comply with current and future welfare codes. The present study with males, and an earlier one with females (Lewis & Gous, 2007) , compared the performance of two genotypes of broiler maintained on 8-or 16-h photoperiods with that of birds started on 8 h and transferred to 16 h at about three weeks. Growth in modern genotypes of broiler is faster than that of the genotypes used in the original trials (approximately 600 g at 21 d reported by Classen & Riddell (1989) but 800 g in the current trials), and so this study included transfers from 8 to 16 h at 10, 15, and 20 d. Lewis & Morris (2006) concluded that whilst body weight gain increased with photoperiod during the initial 21 d, but decreased beyond 21 d for photoperiods longer than 12 h, birds maintained on 8 h consistently had inferior growth and lower feed intakes at all ages. However, in the earlier study with females, body weight at 42 d was significantly higher and feed intake numerically greater for 8-h birds than for those held on 16 h, and it was suggested that the increased appetite of the modern broiler had resulted in it learning to eat more feed in the dark period than its ancestors.
The objective of this trial was to study the response of broiler males to constant 8-or 16-h photoperiods, or to a transfer from 8 to 16 h photoperiods at 10, 15 or 21 d, and to assess the influence of the lighting regimens and age on the amount of nocturnal feeding performed.
Materials & Methods
Cobb 500 and Ross 308 male broilers were vent sexed for maximum accuracy and placed at 1 d of age on the litter floor in each of 10 lightproof rooms. Each room was subdivided into two pens by a wire mesh fence, and 200 Cobb or 200 Ross birds placed in each pen at a stocking density of 8.4/m² (at 35 d ≈ 19 kg/m² at depletion). All birds were given constant illumination for the first day and transferred to one of the following lighting regimens on day 2 (two rooms per treatment): constant 8 h, constant 16 h, an initial 8 h followed by a transfer to 16 h at 10 d (INC10), 15 d (INC15) or 20 d (INC20); 5 lighting treatments x 2 rooms x 2 genotypes x 200 birds = 4000 birds. In each pen, illumination was provided by two 11W compact warm-white fluorescent lamps located 1.8 m above the floor, giving a mean illuminance of 29 ± 2.3 lux at a height of 20 cm. During the initial 7-d brooding period, illuminance within the brooder surround varied between 0.02 and 0.07 lux during the scotoperiod, thereafter it was completely dark All groups received the same feeding regimen: 1 kg/bird of a proprietary broiler starter crumb (12.8 MJ ME/kg, 200 g/kg of crude protein) -consumed in approximately 21 d -followed by a broiler grower pellet (12.8 MJ ME/kg ME, 160 g/kg of crude protein) until depletion at 35 d. Initially the feed was provided on feeder bases, but it was delivered from manually filled hanging tube feeders after 7 d.
A sample of 60 birds from each pen was bulk-weighed at 7-d intervals between 7 and 28 d, and all birds were bulk-weighed at 35 d. Feed was weighed back weekly. Mortality was recorded daily, and any ailing birds examined for signs of leg disorder and, if necessary, culled on welfare grounds. All carcasses were examined for signs of leg disorder or Sudden Death Syndrome (SDS: large birds that had died on their backs).
Feed weigh-backs were performed weekly from 5 d of age in one room from each of the five lighting treatments at the beginning of the photoperiod, 10 min before lights-out, and at the beginning of the next photoperiod to determine diurnal and nocturnal feed intakes.
All performance data were subjected to a split-plot ANOVA with light as the main-plot and genotype as the subplot (Analytical Software, 2003) . Mortality and SDS data were given an arcsine transformation prior to analysis. Significant differences between treatments were identified using a Students t-test. Nocturnal and diurnal feed intakes were only recorded in one of two rooms for each lighting treatments, so these data are only presented graphically. Differences between genotypes for feeding behaviour were assessed using a repeated measures ANOVA.
Data for constant 8 or 16 h and transfers from 8 to 16 h at 20 d in this study were combined with equivalent data for females from the earlier trial (Lewis & Gous, 2007) and subjected to a split-plot ANOVA with light as the main-plot and genotype as the subplot to assess the general response to these lighting regimens.
Results
At no stage were there significant differences between lighting treatments for mean body weight, feed intake, or feed conversion efficiency (Table 1) . Whilst total mortality between 22 and 35 d for birds maintained on 8-h photoperiods was significantly higher than for constant 16-h birds, with the three INC groups intermediate, total mortality to 21 d and throughout the 35 d were not significantly different for any of the lighting treatments. The incidence of SDS was generally low throughout the trial, but birds held on 8-h photoperiods had a significantly higher incidence in the 22 to 35-d period than birds transferred from 8 to 16 h at 15 d; other groups were intermediate ( Table 1 ). The number of leg disorders was minimal throughout the trial for all groups, and so these data are not reported.
Cobb birds were significantly heavier than Ross birds at 21 d, but not significantly different at 35 d (Table 1) . Feed intakes, feed conversion efficiencies, and total mortality were not significantly different at any stage. Although Cobb had a significantly higher incidence of SDS than Ross birds between 21 and 35 d, the differences during the first 21 d and through the trial as a whole were not significantly different.
Irrespective of genotype and at all ages, birds maintained on 8-h photoperiods ate about half their daily feed intake during the 16-h dark period (Figure 1 ). In contrast, constant 16-h birds consumed only 5 to 10 percent of their feed during their 'night'. Nocturnal feeding by the INC birds decreased after they were transferred to 16-h photoperiods, although they continued to consume more feed in the 8-h night than constant long-day birds. At no age was Cobb feeding behaviour significantly different from Ross. The analysis of pooled data for males from this study and females from Lewis & Gous (2007) showed that mean body weight and feed conversion efficiencies during the initial 21 d for constant 8-h birds was not significantly different from that of birds held on 16 h, despite the latter birds consuming significantly more feed (Table 2) . After 21 d, birds maintained on 8 h consumed significantly more feed, converted feed more efficiently, and had a significantly greater body weight gain than constant-16-h birds. Subsequent to being transferred from 8 to 16 h and cumulatively to depletion, all INC groups had significantly greater body- 
Discussion
The responses of both genotypes in this study (males) to constant 8-h, 16-h or increasing lighting regimens were similar to those for female birds of the same two genotypes reported by Lewis & Gous (2007) . However, the similar body weights at 21 d for all lighting regimens but larger terminal body weights for constant 8-h and increased-lighting groups (Table 2 ) contrast with findings from the original increasing lighting trials (e.g., Classen & Riddell, 1989; Classen et al., 1991) . In those studies, birds that had been initially exposed to 6-h photoperiods had lower body weights at 21 d, but similar body weights at depletion to constant 23-h controls after their photoperiod had been increased to 23 h. It is possible that the constant 8-h and increasing lighting groups in the current and Lewis & Gous (2007) studies may have had superior body weights at, and better feed conversion efficiency to, depletion to 16-h birds (Table 2 ) because they performed markedly more nocturnal feeding (Figure 1) . Whereas in the original increasing-light studies, increasing-light and 23-h birds had similar body weights, a recent study showed that increasing-light birds consumed more feed and had larger body weights than either constant 14 or 23-h groups (Schwean-Lardner et al., 2006) , and this offers support for the nocturnal feeding hypothesis. Unfortunately, none of these early trials included a constant short-day control with which to compare the performance of the constant 8-h birds in these recent studies. However, the superior performance but similar liveability of birds maintained on 8-h photoperiods in this study and in the earlier investigation with females (Lewis & Gous, 2007) do not support the conclusions of Lewis & Morris (2006) that broilers held on 8 h have a lower feed intake, smaller body weight, similar feed conversion efficiency, but improved liveability to 16-h birds. The data reviewed by Lewis & Morris (2006) were from trials conducted more than 15 years ago, since which time, mean daily body weight gain and feed intake has increased markedly (Laughlin, 2007) , so it is likely that the broiler's response to photoperiodic influences has changed. Classen (1992) stated that the hypothesis for the investigation of increasing lighting regimens was that the use of short photoperiods early in life might reduce initial feed intake and growth and, by so doing, reduce overall mortality through a reduction in the incidences of conditions associated with rapid initial growth (e.g., various leg disorders and SDS). Indeed, the increasing regimens in most of the early studies consistently resulted in fewer leg disorders and lower incidences of SDS, thus improving overall liveability (Lewis & Morris, 2006) . The most likely reason for the lack of such improvements in liveability in the current studies was that growth to 21 d, unlike in the early studies, had not been depressed by rearing on short days (Table 2) . Additionally, reductions in the incidence of leg disorders have been achieved through genetic selection and advances in nutrition (Laughlin, 2007) .
The faster body weight gains observed in the early trials after the birds had been transferred from 6 to 23 h was considered to be a consequence of compensatory growth (e.g., Classen, 1992) . However, both the constant short-day and the groups transferred from 8 to 16 h in the recent studies had similar body weights to constant 16-h birds at 21 d, and therefore had no catching up to do, yet all still had superior growth after 21 d to long-day controls; this suggests that compensatory growth was likely to have been only one of the factors in the original increasing-light studies. Indeed, Classen (1992) also suggested that the increase from 6 to 23 h may have triggered an increase in the release of testosterone to stimulate faster growth in the period after 21 d. However, the current findings question the involvement of photoinduced anabolic steroid release, because the groups transferred from 8 to 16 h had similar body weight gains between 22 d and depletion to the birds maintained on short days (and therefore not photostimulated). The hypothalamo-pituitary axis of a broiler is functional by three weeks of age (Dunn et al., 1990) and the model of Lewis & Morris (2004) predicts that an increase from 8 to 16 h would elicit a photosexual response more than double that of a transfer from 6 to 23 h, and so, if the superior growth and feed conversion after 21 d in the original studies were the result of a photoinduced increase in testosterone release, the weight gain between 22 d and depletion in the birds transferred from 8 to 16 h in the current studies should have been larger than that of the constant short-day controls; it was not. One possible reason for the larger weight gain by the short-day birds after 22 d, relative to constant long-day birds, is the lower anticipated energy expenditure during darkness compared with light. MacLeod et al. (1988) Table 2 show that birds maintained on 8 h had heavier body weights at depletion than birds maintained on 16 h, despite a similar feed intake, and so, with approximately 1.9 g of feed required to produce 1 g of body weight, the 4% superior growth of the short-day birds can be satisfactorily explained by the anticipated 8% reduction in energy expenditure. Notwithstanding that this could explain the superior growth and feed conversion (post 21 d) for 8-h compared to 16-h birds, it does not explain why the birds transferred from 8 to 16 h also had superior performance to the constant 16-h birds in the period after the change to long days, because at that time they received the same amount of illumination. One hypothesis is that feed consumed during darkness is converted more efficiently than that consumed during light, and so the birds transferred from 8 to 16 h, despite having a similar feed intake to constant 16-h birds, had a larger weight gain and more efficient feed conversion after 21 d because, though to a lesser extent than before, they continued to eat more feed in the dark period than the constant 16-h birds. In contradiction of this theory, Cherry & Barwick (1962) reported that broilers maintained in complete darkness from 7 d had similar body weights and feed conversion efficiencies to 10 weeks of age to continuously illuminated birds. However, the growth potential and appetite of modern broilers are much greater than that of the genotypes used by Cherry & Barwick (725 vs. 2100 g body weight; 1.3 vs. 3.6 kg feed intake at 35 d) so their response to nocturnal feeding may also be different. Weaver & Siegel (1968) observed minimal nocturnal feeding throughout a 56-d experiment by broilers exposed to 8-h photoperiods, which contrasts with the broilers in the current study having learnt to eat half their daily feed intake in the dark period within 4 d of the abrupt transfer from continuous to 8 h illumination on day 2. This shows the importance of continuously providing feed when short daylengths are used in commercial practice. The data in Table 1 suggest that transferring birds from 8 to 16 h at 10 d and an estimated body weight of 275 g suppresses feed intake in the period after 21 d, but with minimal reduction in growth, compared with transfers at 15 d and 510 g or 20 d and 780 g body weight. However, there is no obvious explanation for this anomalous response, especially when much of the difference in feed intake occurred in the final 7 d of the trial, there were no significant differences in overall body weight or feed conversion efficiency to 35 d, and nocturnal feeding behaviours were similar for all step-up groups at 33 d. Support for this being an incongruent finding are the non-significant differences in feed intake, body weight and feed conversion at both five and six weeks of age in a trial in which natural light (latitude 30 °N) was artificially supplemented to provide continuous illumination from various starting ages between one and five weeks (Stanley et al., 1997) . It should be concluded that age at transfer from short to long days, at least when made between 10 and 20 d, has little effect on performance, because the feed intake and body weight gain of birds given an increase in daylength and constant short-day controls were similar at all stages of growth.
